In the present study, we investigate the antiulcerogenic effect of gallic acid against aspirin plus pyrolus ligationinduced gastric ulcer in rats. Rats were treated with gallic acid (100 and 200 mg/kg) and famotidine (20 mg/kg) for 1 week, followed by induction of gastric ulcer using the aspirin plus pyrolus ligation model. At the end of 4 h after ligation, the rats were sacrificed and ulcer index, gastric juice volume, pH and other biochemical parameter of gastric juice were evaluated. Stomachs of rats were evaluated biochemically to determine oxidant and antioxidant parameters. Pretreatment with gallic acid significantly decreased ulcer index, gastric juice volume, free and total acidity, total protein, DNA content and increased pH and carbohydrates concentration. Gallic acid at a dose of 100 and 200 mg/kg exerted 69.7 and 78.9% ulcer inhibition, respectively. The levels of superoxide dismutase, catalase, reduced glutathione, glutathione reductase, glutathione peroxidise, glucose-6-phosphate dehydrogenase were increased while reduction in myeloperoxidase and lipid peroxidation were observed in the stomach tissues of the drug treated rats. The histopathological studies further confirmed the antiulcer activity of gallic acid. We conclude that the gallic acid possesses antiulcer effect and that these occur by a mechanism that involves attenuation of offensive factors, improvement of mucosal defensive with activation of antioxidant parameters and inhibition of some toxic oxidant parameters.
Peptic ulcer has become a common health problem affecting a large number of people world-wide causing morbidity and mortality [1] . The pathophysiology of this gastrointestinal disorder is viewed as a net imbalance between mucosal defensive factors such as bicarbonate, prostaglandin, peptides, growth factors and offensive factors such as acid, pepsin [2] . Nonsteroidal drugs, steroids, smoking, alcohol, trauma, shock, Helicobacter pylori and stress have been shown to play a vital role in the pathogenesis of gastric ulcer. Although a wide range of drugs are currently employed in the management of ulcer, but most of them exhibit side effects [2, 3] . The use of phytoconstituents to treat major ailments has proved to be clinically effective and less relatively toxic than the existing drugs and also reduces the odious factors serving as a tool in the prevention of peptic ulcer [4] .
Gallic acid (3,4,5-trihydroxy benzoic acid) is a naturally abundant polyhydroxy phenolic compound found in gallnuts, grapes, green tea, pineapple, bananas, lemon, strawberries, red wine, etc. [5] . Gallic acid is widely used as dietary herbal supplement [6] ; a recent study demonstrated that about thirty Ayurvedic herbs and their formulation contained a high percentage of gallic acid, and these formulations are widely used for treatment of several diseases in India [7] . Gallic acid possess excellent antioxidant [8] , antiobesity [9] , hepatoprotective [10] , antiasthmatic [11] and anticancer activity [12] . Plant and fruit extracts contains gallic acid as an essential constituent also possess antiulcer activity [13] . A wide number of researches have proved that polyphenolic compounds display a number of pharmacological properties in the gastrointestinal tract, acting as antisecretory, cytoprotective, and antioxidant agents and can be an alternative for the treatment of gastric ulcers [14] . Drugs or formulations that possess powerful antioxidant actions can be more efficient in healing Research Paper experimentally produced gastric ulcers. However, experimental evidence in favour of antiulcerogenic effect of gallic acid is missing. Therefore, the objective of our study is to assess the antiulcer activity of gallic acid using the aspirin plus pyloric ligation-induced gastric ulcer model in rats, and to evaluate its effects on oxidant and antioxidant parameters in rat stomach tissue.
MATERIALS AND METHODS
Aspirin and famotidine were obtained from Shasan Pharmaceuticals (India). Gallic acid (purity 98%), thiobarbituric acid (TBA), trichloro acetic acid (TCA) and 5,5'-dithiobis (2-nitrobenzoic acid) (DTNB) and ethylenediaminetetraacetic acid (EDTA) were obtained from Sisco Research Laboratories Pvt. Ltd., Mumbai. Bovine serum albumin was purchased from Loba Chemie Pvt. Ltd., Mumbai, and calf thymus DNA was purchased from Sigma Aldrich, USA. All other chemicals used in the study were obtained commercially and were of analytical grade.
Wistar albino rats of either sex weighing between 150 and 250 g were used. Animals were maintained under standard laboratory conditions (23±2°, 12 h light-dark cycle). All animal procedures have been ratified by institutional animal ethics committee in acquiescence with animal experimentation and care bearing the number 817/04/AC/CPCSEA.
Aspirin plus pylorus ligation-induced ulcer:
Gallic acid, aspirin and famotidine were prepared in 0.5% carboxymethyl cellulose (CMC) as suspension and administered orally once daily at a volume of 10 ml/kg for 7 d using an oral gavage needle. The rats were divided into five groups (n=6). Group I was administered with 0.5% CMC, which served as normal control. Group II received only aspirin (200 mg/kg) and served as ulcer control group, groups III and IV were treated with test drug gallic acid (100 and 200 mg/kg, respectively). Group V received famotidine (20 mg/kg) and served as standard.
From day 5 to day 7, rats in groups III-V received aspirin at a dose of 200 mg/kg, 2 h after the administration of the respective drug treatment. Rats in all the groups were anaesthetised with ether on day 8 after 18 h of fasting. The abdomen was cut opened by a small midline incision below the xiphoid process and pylorus portion of the stomach was lifted out and ligated avoiding traction to the pylorus or damage to its blood supply. At the end of 4 h after ligation, the rats were sacrificed with excess of anaesthetic ether and the stomach was dissected out [3] .
Measurement of gastric acid secretion, pH and ulcer index:
The stomach of each animal was carefully excised keeping oesophagus closed; the gastric contents were collected and centrifuged at 1000×g for 10 min. The volume of supernatant was measured and expressed as ml/100 g. The pH of the supernatant was measured using digital pH meter [15] . Stomach was opened along the greater curvature and microscopic observation of the lesions in glandular portion was examined for ulcer area by two investigators. Ulcer index (UI) was calculated by using the arbitrary scoring system as loss of normal morphology -1; discoloration of mucosa −1; mucosal oedema -1; haemorrhages −1; petechial point (until 9) −2; petechial point (>10) −3; ulcer up to 1 mm -n×2; ulcer >1 mm -n×3; perforated ulcern×4, where, 'n' is the number of ulcer found [16] .
Biochemical estimation of gastric juice:
Free and total acidity were determined by titrating 1.0 ml gastric juice with 0.01 N sodium hydroxide (NaOH) using the Topfer's reagent and phenolphthalein respectively as indicator and were expressed as mEq/l/100 g [17] .
The protein and individual carbohydrates were estimated by precipitating the mucosubstances by treating the gastric juice with 90% ethanol in 1:9 ratio. The precipitate thus obtained was dissolved in 0.1 N NaOH. This solution was used for the estimation of different carbohydrate such as hexosamine, fucose, hexoses and protein according to the method described by Anoop and Jegadeesan [17] .
Pepsin activity was determined using a method, which incorporates the digestion of haemoglobin solution by pepsin ensuring the formation of tyrosine. The formed tyrosine was separated and mixed with alkaline reagent and phenol reagent so as to develop a blue colour, which was estimated using the spectrophotometer at 610 nm [15] .
Concentration of DNA in gastric juice was estimated using the following method: Gastric juice was treated with EDTA, albumin and TCA, which were then kept frozen for 48 h. Mixture was then thawed at 37° and centrifuged at 1000×g for 30 min at 4°. The precipitate was taken and washed with TCA several times and added to 5% TCA with constant stirring. The solution was heated at 90° in a boiling water bath. The procedure was repeated again and the supernatant was obtained. This hydrolysate was treated with 60% (w/v) perchloric acid and 2% diphenylamine reagent. The mixture was kept in refrigerator (6-10°) for 48 h and the absorbance was read at 600 nm using the blank. The concentration of DNA was determined from a standard curve prepared earlier with calf thymus DNA and expressed as µg/ml of gastric juice/100 g body weight of animal [18] .
Antioxidant activity of gallic acid in stomach tissue:
After microscopic examination, the mucosa of the stomach was scraped from the glandular part and suspended in 5.0 ml of cooled 0.15 mol KCl -10 mmol potassium phosphate buffer (pH 7.4) containing 0.1% Triton X-100 and centrifuged at 1000×g for 10 min. The supernatant of both the tissues were collected and used for estimation of several antioxidant activities.
Superoxide dismutase (SOD) activity was determined by the inhibition of autocatalysed adrenochrome formation in the presence of tissue homogenate at 480 nm. The activity was expressed as µmol/min/mg protein [19] .
Decomposition of hydrogen peroxide (H 2 O 2 ) in the presence of catalase (CAT) was determined at 254 nm. CAT activity was defined as the amount of enzyme required to decompose 1 µmol of H 2 O 2 /min, at 25° and pH 7. Results were expressed as µmol H 2 O 2 /min/mg protein [20] .
Total reduced glutathione (GSH) was determined based on the reaction of GSH with DTNB to give a compound that absorbs at 412 nm. Briefly, 0.5 ml of supernatant was mixed with 2.0 ml of 0.3 mol/l disodium hydrogen phosphate solution. Aliquot of 0.2 ml solution of DTNB (0.4 mg/ml, 1% sodium citrate) was added and the absorbance was measured immediately after mixing at 412 nm. Results were expressed in µmol GSH/min/mg protein [21] .
Glutathione reductase (GSSH) activity was estimated spectrophotometrically by measuring the rate of reduced nicotinamide adenine dinucleotide phosphate (NADPH) oxidation at 340 nm. GSSH activity was expressed as µmol NADPH oxidised/min/ mg protein at 30° [ 22] .
Glutathione peroxidase (GPx) activity was determined spectrophotometrically using the following method. Briefly, 100 µl tissue homogenate solutions was mixed with 800 µl of 100 mmol/l potassium phosphate buffer (pH 7.4), containing 1 mmol/l EDTA, 1 mmol/l sodium azide, 0.2 mmol/l NADPH, 1 U/ml GSSH and 1 mmol/l GSH. After 5 min incubation, the reaction was started by the addition of 100 µl 2.6 mmol H 2 O 2 and the absorbance change at 340 nm in 3 min was recorded at 37°. Various controls were carried out and suitably subtracted. GPx activity was expressed as µmol NADPH oxidised/min/mg protein at 37° [ 9] .
Lipid peroxidation was indices by the formation of malondialdehyde (MDA) and hydroperoxide (HP). The estimation of MDA was carried out using the TBA reactive substance test while estimation of HP was carried out after tissue homogenate was treated with Fox reagent. The results were expressed as nmol/min/ mg tissue protein [23] .
Myeloperoxidase (MPx) activity was determined by the following method. Briefly, 100.0 µl of the homogenate was added to 1.9 ml of 10 mmol/l phosphate buffers (pH 6.0) and 1.0 ml of 1.5 mmol/l O-dianisidine hydrochloride containing 0.0005% (w/v) hydrogen peroxide. The changes in absorbance at 450 nm of each sample were recorded on an UV/Vis spectrophotometer. MPx activities in tissues were expressed as µmol/min/mg protein [24] .
Glucose-6-phosphate dehydrogenase (G6PDH) activity was assayed by measuring the increase in absorbance, which occurs at 340 nm due to NADPH being reduced to NADPH. This reaction takes place when two electrons were transferred from glucose-6-phosphate to NADPH catalysed by the enzyme G6PDH in the reaction. The activity was expressed in terms of µmol/min/mg protein [25] .
Histopathology:
The damaged or ulcerated parts of stomachs were kept in 10% formalin for 24 h. The tissue was embedded in paraffin and cut into 5 µm thick sections. The sections were stained with haematoxylin-eosin for histopathological examination.
Statistical analysis:
The data are expressed as mean±standard error mean and statistical comparisons were analysed using the statistical package for social science (SPSS Inc., Chicago, IL, USA) version 10.0 employing one-way analysis of variance followed by Dunnett's test. The results were considered statistically significant if the P values were less than 0.05.
RESULTS AND DISCUSSION
Nonsteroidal analgesic and antiinflammatory drugs like aspirin can effects on oxidant and antioxidant mechanisms and interfere prostaglandin synthesis through cyclooxygenase pathways, produce neutrophil and oxygen radical dependent microvascular injury leading to mucosal damage. Aspirin acts directly by increasing the H + ion transport while on the mucosal epithelial cells, it decreases mucin, surface-active phospholipids, bicarbonate secretion and microvasculature damage by generation of free radicals [26] . In pylorus-ligated rats the gastric acid secretion is an important factor for generation of ulceration. When aspirin was administered to pylorusligated rats it further aggravated the acidity and the resistance of the gastric mucosa was decreased thereby imposing extensive damage to the glandular region of the stomach [27] . Aspirin plus pylorus ligationinduced animals models was used to investigate the antiulcerogenic activity of gallic acid, and ulcer control group show significant differences in ulcer parameters when compared to healthy control group.
Aspirin plus pylorus ligation-induced animals showed extensive gastric lesions that were confined to the glandular portion of the stomach, which is evidenced by an increase in ulcer index (UI) when compared to untreated control. Pre-treatment with gallic acid (100 and 200 mg/kg) produced 69.66 and 78.93% inhibition of UI, respectively ( fig. 1 ). Treatment with gallic acid caused a decrease in gastric juice volume, total acidity, free acidity and pepsin concentration. Both the dose produced a significant effect, but the higher dose found more effective and produced almost similar effect to that of standard drug. Total and free acidity also decreases significantly (P<0.05) compare to ulcer control group. Pepsin concentration also significantly decreased after treatment with gallic acid. Gastric pH was significantly improved in the ulcer control group after treatment with gallic acid and famotidine (Table 1) . These effects may contribute to the cytoprotective effect of gallic acid.
The levels protein, and DNA concentration in the gastric juice of animals, which received varying dose of gallic acid and famotidine was found to decrease significantly (P<0.05) proving the efficacy of the treatment (Table 2) . Increase in protein content of gastric juice resulted in a decrease in total carbohydrate and protein ratio in aspirin plus pylorus ligated rat leading to the damage of gastric mucosa [19] . Treatment with gallic acid decreased the plasma protein leakage from gastric mucosa by strengthening the mucosal barrier. The strengthening of mucosal defence is further exemplified by a decrease in cell exfoliation [21] as seen from the reduction in DNA content of the gastric juice. Results suggest the increase in mucosal defence capacity of the gallic acid.
TABLE 1: EFFECT OF GALLIC ACID ON GASTRIC PARAMETERS IN ASPIRIN PLUS PYLORUS LIGATION-INDUCED ULCER RATS

Group
Volume of gastric juice (ml/100 g) Total hexoses, hexosamine and fucose concentration was also increased significantly in gallic acid (100 and 200 mg/kg) and standard drug treated group (Table 2 ). Mucus acts as defensive factor by preventing physical damage to mucosa leading to a lesser degree of ulceration. The individual carbohydrates such as hexoses, fucose and hexosamine concentrations are the index of mucin content in gastric juice [19] . Administration of gallic acid resulted in a significant increase in glycoprotein content in gastric mucosa and a net increase in the synthesis of mucus contributing to its ulcer protective role.
Free radicals are detrimental to the integrity of biological tissue and mediate their injury. Oxidative damage of the gastric mucosal cell membrane by reactive oxygen species (ROS) is the major contributing factor for gastric ulceration. Increased production of ROS causes a decrease in membrane permeability, activities of enzyme and receptors and activation of cells [26] [27] [28] [29] . A significant decrease (P<0.05) in the levels of enzymatic and nonenzymatic antioxidant enzymes such as SOD, CAT, GSH, GPx, GSSH and G6PDH were observed in ulcer control animals when compared to normal rats (Table 3) . G6PDH is a cytoplasmic enzyme and acts as a supporter of the primary antioxidant enzymes. It provides coenzymes and substrate to the primary antioxidant enzymes thus playing a protective role against ROS induced oxidative stress [30] . Administration of gallic acid and famotidine escalated the levels of all enzymatic and non-enzymatic antioxidant enzymes to normal justifying the protection offered by them in conditions of gastric damage. Infiltration of neutrophils into gastric mucosal tissue is a critical process in the pathogenesis of gastric ulcer and can be checked by MPx activity. Increased lipid peroxidation is one of the major indications of ROS generation, which can be indices by the increased level of TBARS and HP [23, 24, 31] . The levels lipid peroxidation parameters such as MDA and HP were significantly elevated in the ulcerative stomach homogenate (fig. 2 ). A similar increment in level of MPx was also observed in ulcer control. These high levels of MDA, HP and MPx were profoundly reduced in case of rats, which received gallic acid and famotidine in a dose dependent manner. Polyhydroxy phenolic substances like gallic acid having potent antioxidant properties are anticipated to exert protective effects on ulceration.
Histopathological observation also confirmed the ulcer protective effect of gallic acid. Gallic acid (200 mg/kg) and famotidine treated group does not showed any ulceration though less inflammation in submucosa can be observed ( fig. 3 ). These observations further support the antiulcer effect of gallic acid.
The present results suggest that gallic acid has in vivo antioxidant and antiulcerogenic effect on gastric lesion induced by aspirin plus pyrolus ligation. Gallic acid appears to exert its antiulcer effects by increased mucosal defensive and decreased offensive factors. Gallic acid also appears to activate antioxidant mechanisms and inhibit toxic oxidant mechanisms in stomach tissues, which is also responsible for its potent antiulcer effect. 
